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Cross­Section Fluctuations in the 28Si(y, p) Reaction at 17.6 MeV. 
P. G. BIZZETI, A. M. BIZZETI­SONA, M. BOCCIOLINI, 
G. Di CAPORIACCO and M. MANDÒ 
Istituto di Fisica dell' Università ­ Firenze 
Istituto Nazionale di Fisica Nucleare ­ Sottosezione di Firenze 
(ricevuto Γ1 Ottobre 1962) 
The favourable prospects of the 
7Li + p γ­radiation for the study of 
nuclear cross­section fluctuations has 
been discussed in another letter (x). 
We report here the results of preli­
minary experiments on the 28Si(y, p) 
and 28Si(y, x) reactions by using the 
above mentioned radiation, with a 
γ energy around 17.64 MeV. A proton 
beam of about 470 keV was made to 
impinge on a thick natural Li target. 
The beam was supplied by a van 
de Graaft" type PX400 of' the High­
Voltage Eng. Corp.; since the accelerator 
was designed for only 400 kV, we had 
to introduce special precautions and care 
to insure a regular operation at 470 kV 
and in particular we were obliged to 
limit beam intensity to about 30 to 
40 μΛ; this in turn forced on a geometry 
too packed, which otherwise could have 
been avoided. 
The above photodisintegrations were 
observed by means of a silicon­junction 
detector (Hughes SD1/27, surface 1 cm2) 
exposed to the γ­ray beam at various 
angles, with respect to the proton beam: 
(') l i . M A N D Ò : Xuoro Cimento, 26, U l l i 
(1962). 
the silicon detector thus served both as 
target for the γ'β and as detector for the 
charged particle products. The detector 
surface was in a plane through the lithium 
target and its center was 2.5 cm apart 
from it. 
The detector was operated at a 
voltage of 200 V, which gives an effec­
tive thickness > 350 μπι and therefore 
an effective volume > 0.035 cm3. 
The pulse spectrum from the detector 
was analysed by suitable electronics: 
typical spectra are shown in Fig. 1 : 
proton peaks are clearly apparent corre­
sponding to proton transitions to the 
27A1 ground state, 1­st excited and 2­nd 
excited states; α transitions to the 24Mg 
ground state and 1­st excited state also 
emerge clearly from the strong electron 
background, although their quantitative, 
measurement is subject to higher uncer­
tainty. 
Measurements were taken at angles 
from Θ— 0° to 120° in equal steps for 
cos 0; the corresponding Doppler shifts in 
energy (evaluated at the resonance proton 
energy of 441 keV, laboratory system) 
are +67.7, 50.8, 33.9. 16.9, 0, —16.9. 
and — 33.9 keV with respect to the γ­ray 
energy of 17.642 MeV at 0 = 9 0 ° . 
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Fig. 1. -- Typical '"rii{y, ρ) und (γ, et) energy spectra at various excitation energies near 
17.lil MeV. The energy shifts AE of incident γ-rays arc, from tlie top, + 07.8, +16.9 and 
. — 33.!) UeV, respectively. Note shifted energy-zero. 
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The results were elaborated by taking 
the relative intensities of the p2, j>x 
and a0 transitions with respect to the p0 
transition; this procedure removes many 
uncertainties which otherwise would have 
been very difficult to eliminate in this 
preliminary set of measurements. 
These intensity ratios are tabulated 
in Table I, due allowance being made for 
the background ; since in the present ex­
2) fluctuations for different final 
levels are uncorrelated; 
3) the fluctuations seem to be very 
big, apparently bigger than those experi­
mentally observed by other authors (2­4), 
with atoms of about the same A (and at 
higher excitation energy) ; 
4) the energy width of the fluctua­
tions, on the contrary, seems to be of 
TABLE I. 
0 
Values of relative intensity of the various peaks with respect to p0 ( 
Ihlpo n Energv cos Θ &· 
shift (keV) 
(P i + P2/P0) 
0C 
4 Γ 30' 
fiO'J 
75'30 ' 
OO3 
104° 30' 
120° 
+ 1.00 
+ 0.75 
+ 0.50 
+ 0.25 
0 
­ 0.25 
— 0.50 
+ 67.8 
+ 50.8 
+ 33.9 
+ 10.9 
0 
— 16.9 
33.9 
; 0.70±0.06 
! 1.04 + 0.06 
1.44 + 0.08 
1.73±0.10 
1.41 + 0.08 
0.84±0.04 
0.84±0.05 
P1/P0 
0.53 + 0.05 
0.77 ±0.05 
0.90 + 0.05 
0.87 + 0.06 
0.71 + 0.05 
0.38 ±0.03 
0.43 ±0.03 
0.17; 
0.27; 
0.54; 
0.80; 
0.70; 
0.46­
0.03 
:0.03 
0.03 
0.06 
;0.05 
•0.03 
*o/Po 
0.41 ±0.03 
0.17±0.02 
0.16±0.02 
0.15±0.02 
0.17±0.02 
0.15±0.02 
0.06±0.01 
< 0.03 
(') Er rors shown are only s ta t i s t ica l e r ro rs ; m a x i m u m uncer ta in t ies of other origin 
(background evaluat ion, separat ion of neighbouring peaks, wall effects, etc.) are es t imated 
to range from IS to ï % for lower a n d higher values respectively. I n addi t ion a possible 
uncer ta in ty in the geometrical condit ions (es t imated to be less t h a n 7") m a y in t roduce a 
sys temat ic error in the value of the energy shift which ranges from 1.5 keV a t 0° to 8.5 keV 
a t 90°. The energy­spread for every single poin t , however, is de te rmined essential ly b y t h e 
width of the resonance as + 0 keV. The rat ios shown were eva lua ted th rough an objective 
cri terion sui tably choosen for t h e best separa t ion of t h e peaks ; as a resul t , t h e values m a y 
be expected to differ somewhat from the cross­section rat ios for t rans i t ions to the corre­
sponding final levels. They are , however, propor t ional to t h e m through a factor which is 
abou t I and does not depend on energy. 
pciiiuental conditions theyi, and s p e a k s 
partially overlap in the pulse spectrum, 
the ratio (lh~Pi)'­ Pu· which is better 
delinei!, is also shown in Table I. 
In spite of the preliminary character 
of this series of measurements, we believe 
that the following interesting features 
arc already clearly shown by the results 
in Table I and Fig. 2: 
1) in the explored range of f 00 keV 
strong cross­section fluctuations occur; 
the same order (though perhaps smaller) 
compared to what has been already 
reported by other authors (2'4), and 
therefore greater than the most rea­
sonable theoretical estimates (see, e.g. 
I.e. H ) . 
(­) L. COLLI , U. F A C C H I N I , I . I o n i , M. G. 
MAKCAZZAN. M. MILAZZO, E. SAKTTA­MKNICHELLA 
and F . ToxoLix i : Energia X net care. 9, 439 (1962). 
C) Τ". F A C C H I N I : Pactua Conference (1962). 
(*) L. C O L L I : Padua Conference (1962). 
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Though the implications of features 3) be most interesting in view of the fact 
and 4) may be strongly limited by the tha t they were obtained with the best 
restricted range of energy which has energy definition reported to date ( that 
i .o A ß/ß m +p2;/2p0 
0.5 i ! 
i. i 
1.0 Ï-R/Po Τ" 5αο/ρο 
l i t i 
0.5 
-33.9 0 33.9 67.8 -33.9 0 33.9 67.8 
keV 
Fig. 2. — Intensity ratio of the various peaks with respect to p0, vs. energy shift of incident 
γ radiation. 
been explored and the small number 
of independent experimental data, one 
cannot avoid to point out that all the 
above features would fit quite nicely 
the predictions of Ericson's theory of 
fluctuations (õ) for the case of ΑΕ<Γ 
and overlapping levels; it wOuld be 
premature, however, to consider the 
above results as giving a definite proof 
of this interpretation. 
In any case the above points and 
especially points 3) and 4), if substan­
tiated by further experiments, appear to 
(■'·) T. ICRICSOX: Adv. inPhys., 9, 415 (1900): 
Phijs. Rev. Lett., 5, 430 (I960). 
is about 12 keV, corresponding to the 
full width of the resonance for the 7 L i ± p 
reaction). 
Further experiments are in progress 
to improve experimental conditions (in­
tensity, monitoring, effective volume of 
the detector, and reduced background) 
in order to be able to draw more definite 
and quantitative conclusions and to 
extend the results. 
This work has been performed in 
the frame of the EURATOM­CNEN 
Contract for fundamental research in 
nuclear physics. 


